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radioisotope wastes, we took into consideration various sample 
preparation and separation methods, such as an acid 
decomposition, an acid leaching and a combustion method. In a 
previous study, the maximum chemical yield of iodine by an 
acid leaching was found to be 78.0 %. However, in this study, 
the maximum chemical yield of the acid decomposition method 
and the combustion method with a radioiodine reference 
solution was found to be 99.1 % and 84.5 %, respectively. We 
selected the acid decomposition method for the analysis of 
radioisotope waste samples due to its high chemical yield and 
short preparation and separation time. The chemical yield of the 
acid decomposition method depends on the reaction time at 
each experimental stage, added amount of H3PO3 and H2O2, 
and the pH of the condensed solution and the condition of the 
AgI precipitation. The important point for the highest recovery 
rate from a acid decomposition method is to maintain enough 
reaction time and pour 10 mL of 30 % H3PO3 before a 
distillation, and drop 1 mL of H2O2 when the condensed 
solution is trapped in the Florence flask. Through a study of the 
acid decomposition method we found an optimal preparation 




I in radioisotope wastes 
due to the merits of a short reaction time and high recovery rate, 
and a counting system was applied to LEPS for the 
125
I and HP 








There is a continuous number of radioactive wastes with an 







I of various radioisotope nuclides have been used for the 





I decays by an electron capture 
with a half-life of 60 days, and the disintegration energy 
appears in the form of gamma rays with an energy of 35 keV 
and conversion electrons and characteristic X-rays. 
131
I has a 
half-life of 8.04 days and decays with the emission of beta 
particles with a maximum energy of 0.81 MeV and gamma rays 
of various energies, such as 364.49 keV, 636.90 keV, 284.31 
keV, 80.16 keV, 722.91 keV, and so on
4




I are 60.1 day and 8.04 day respectively, which can be 
considered for a self-disposal of radioisotope wastes after a 
sufficient decay period.  
Iodine is accumulated in the thyroid gland in humans, thus 
considerable attention should be paid to the levels and the 
behavior of this nuclide in the environment. Korean iodine 
intake is 240 /day
5
 which is higher than the recommended 
daily allowance(RDA) of WHO of 150 /day
6
. The ratio of 
iodine for basic food is 1/8.8 times in the hair and is 1/4740 
times in the thyroid gland, thus, considering Korea is one of the 





requires continuous management and supervision not only for a 
biological point of view such as an iodine exposure to the 
thyroid gland from a nuclear accident but also for an 
environmental radioactivity evaluation.  
Accurate and precise analysis of a low level radioiodine is 
difficult because the nuclide emits only a low energy beta and 
gamma rays at 
125
I. Therefore, it is necessary to develop a 





radioisotope waste samples. In order to determine the 
concentration of a low level iodine, appropriate chemical 
separation process should be selected for a analysis. Especially, 
a chemical separation process is necessary for removing 
interference nuclides and lowering the entire background to 




I analysis. Therefore, the aim of this study is to 
establish an optimal separation process though a comparison 
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between the combustion method, acid leaching method and acid 
decomposition method in order to apply various methods of a 
separation and analysis for a low level iodine in radioisotope 
wastes. In a previous study, the maximum chemical yield of 
iodine by an acid leaching was found to be 78.0 %
7
, and by this 
study, by applying a combustion method and an acid 
decomposition method
8
 using a reference solution for the 






1. Chemical Separation by the Combustion Method 
10g of soil and 500  of radioiodine standard solution 
were injected into a quartz tube in a muffle furnace(UP350-01, 
Daehan sci.) and they were ashed at 980 for a separation of 
iodine using the combustion method (see Fig. 1). In order to 
collect the evaporated iodine, a mixed solution of 8 g of KOH 
and 2 g of K2SO3 per H2O 90  was used a trap solution and 
the collected solution received an addition of 30  of CCl4, 20 
 of 5 % NaNO2 and 20  of nitric acid in a separate funnel 
and the iodine was collected from the organic layer. And, when 
the purple layer was collected and 20  of 5 % K2SO3 and 30  
of H2O were added, the iodine ion moved into the water layer. 
Then, this section in the water layer was gathered and received 
40   of PdCl2 and 1   of nitric acid for making a PdI2 
precipitation. After that, it was filtered and measured by γ-
spectrometry. Fig. 2 shows the total process of the chemical 
separation of 
125
I  using the combustion method. 
 
 




Fig. 2. The process of a chemical separation of radioiodine 




2. Chemical Separation by the Acid Decomposition Method 
In order to separate radioiodine using the acid 
decomposition method, the distillation apparatus had a 500 mL  
round flask on the mantle of the distillation apparatus for 100 
mL of 0.8 N K2Cr2O7 and 100 mL of 9 M H2SO4, and the 
reference radioiodine solution was added. After being filled, it 
was boiled at 150D for 10 minutes and cooled down to a 
normal temperature after a organic compound was completely 
dissolved. Then, 10  of 30% H3PO3 and 1  of H2O2 were 
added and heated up to 120D. Afterward, the rate of recovery 
was measured and calculated by a γ-spectrometry after 
obtaining the collected solution. Fig. 3 is a picture of the 
distillatory apparatus used in the acid decomposition method. 
Distilled radioiodine solution by fig. 3 is measured by optimal 
separation process and measurement techniques (see Fig. 4).  
 
 
Fig. 3. Distillatory apparatus for an extraction of radioiodine by 









using the acid decomposition method for a measurement of RI 





100 mL of 0.8N K2Cr2O7 
+ 100 mL of 9 M H2SO4 
Iodine Ref. solution 
+ KI + 10 g Sample 
10 mL of 30 % H3PO3 
+ 1 mL of  H2O2 
10 mL of 1M LiOH 
+ Distilled solution 
30 mL of CCl4  
+ 5 % NaNO2  
30 mL of AgNO3  
+ 5 % K2SO3 




Cooling for 2hrs. 
Heating up to 120 
. 
Aqueous phase Organic phase 
125I : LEPS 
131I : γ-spectrometer 
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1. The Recovery Rate of Iodine by the Combustion Method 
In order to obtain a maximum collection efficiency using 
the combustion method, it is important to establish a flowrate of 
the injected gas, a continuous time at a maximum temperature, 
and various changes of the trap solution. The results of the 
recovery rate with the flowrate of the injected gas, oxygen and 
nitrogen are shown in Table 1. The best result was shown in the 
case where the flowrate of oxygen and nitrogen was lowered to 
100 mL/min and a 20 mL/min flowrate generated by the 
injected gas to flow backward or insufficient bubbles. So, we 
calculated the relative ratio of the other conditions from the 
above optimal condition. 
 
Table 1. The recovery rate of radioiodine with the flowrate of 
the injection gas 
















200 40 29.1 23.9 11.8 64.8 
150 30 44.9 20.0 5.5 70.4 
100 20 61.4 25.0 13.6 100 
50 10 68.2 16.9 5.5 90.6 
 
The recovery rate of radioiodine showed a big difference in 
different trap solutions as shown in Table 2, and the best result 
was found to be 84.5 % in the trap solution with a ratio of 8 g 
of KOH and 2 g of K2SO3 in 90 mL of H2O. On the other hand, 
for the trap solution with a ratio of 8 g of KOH and 2 g of 
K2SO3 in 180 mL of H2O it was found to be 58.2 % and the trap 
solution with a ratio of only KOH in 180 mL H2O was found to 
be 19.2 %. Also, the maximum temperature and optimal 
continuous time in a muffle furnace were 980 D and over 4 
hours, respectively.  
 
Table 2. The recovery rate of radioiodine with different trap 
solution 
Trap solution Recovery (SD, %) 
8 g KOH / 180 mL H2O 19.2 (0.3) 
8 g KOH+ 2 g K2SO3 / 180 mL H2O 58.2 (0.8) 
8 g KOH+ 2 g K2SO3 / 90 mL H2O 84.5 (0.6) 
 
2. The Recovery rate of Iodine by the Acid Decomposition 
Method 
The maximum recovery rate for the reference radioiodine 
solution could be obtained when it was given enough time for 
the reaction at each stage in the distillation apparatus used in 
the acid decomposition method and 1  of H2O2 was put into 
the solution after the addition of H3PO3. The appropriate 
addition of H2O2 promotes the evaporation of iodine but an 
excessive addition reduces the recovery rate of the radioiodine 
because of an exceedingly rapid reaction.  
Table 3 shows the recovery rate of the radioiodine by adding 
different amounts of H2O2 in to the distillation apparatus. The 
optimal condition for the highest recovery rate for the acid 
decomposition method has to maintain enough reaction time 
and drop 1 mL of H2O2. 
 
 
Table 3. The recovery rate of radioiodine with a added amount 
of  H2O2  for the acid decomposition method  
Sample H2O2 (mL) Net counts (cps) Total (%) 
Standard - 0.566 - 
Sample 1 0 0.226 40.4 
Sample 2 1 0.548 99.1 






In this study, acid decomposition method was selected as an 





radioisotope wastes due to its merits of a short reaction time 
and high recovery rate, and a counting system was applied to 
LEPS for the 
125
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